India is one of the highest tuberculosis burden countries in the world and is likely to harbour the largest number of multi-drug resistant tuberculosis (MDR-TB) cases. Globally, there were an estimated 9.0 million incident cases and 1.5 million deaths due to tuberculosis in 2013[@ref1]. Of these, the largest number of cases were from India and accounted for an estimated one quarter of all TB cases worldwide. India, China and Russian Federation together account for more than half of the estimated global burden of new MDR-TB cases[@ref1].

The phenomenon of MDR-TB emerged as a clinical entity in the early 1990s after a couple of decades of widespread use of rifampicin. Ever since, the prevalence of MDR-TB is increasing throughout the world[@ref2]. Currently, MDR-TB accounts for 3.5 per cent among new cases and 20.5 per cent among previously treated cases, globally[@ref1]. But countrywide surveillance data are lacking from India particularly that of extrapulmonary TB. Observations from accredited mycobacteriology laboratories from India suggest that the prevalence of MDR-TB is \<3 per cent in new cases and 15-30 per cent among previously treated cases[@ref3].

The inadequate ability to rapidly diagnose MDR-TB in developing countries remains the major obstacle in the control of the disease. In the absence of countrywide surveillance studies, MDR-TB is likely to go under-reported in our country. In this study, an attempt was made to analyse the pattern of progression of drug resistance in tuberculosis over a period of 13 years in a tertiary care centre in New Delhi, India, utilizing various techniques accepted as the gold standard in the diagnosis of the drug resistant tuberculosis.

Material & Methods {#sec1-1}
==================

In this retrospective study, conducted in the department of Microbiology and Immunology, Sir Ganga Ram Hospital, New Delhi, mycobacterial culture and drug susceptibility data were analysed for the past 13 years (2000-2012). The study population included all consecutive patients who had submitted sample for mycobacterial culture. Both admitted patients as well as patients attending out patient department were included. Repeat samples of the same patient, whether from the same site or a different site were excluded. Most of the patients belonged to Delhi and the National Capital Region, which included the neighbouring towns of Delhi from Haryana, Uttar Pradesh and Rajasthan. The specimens processed included pulmonary and extrapulmonary samples including sputum, endotracheal aspirate, bronchoalveolar lavage fluid, pleural, peritoneal and pericardial fluids, synovial fluid, CSF, tissue samples, pus, fine needle aspiration cytology (FNAC) samples from lymph nodes, blood and bone marrow and gastric aspirates. The study protocol was approved by the hospital ethics committee.

*Sample processing*: All respiratory samples, urine and tissue samples were subjected to digestion and decontamination by N-acetyl-L-cystine NaOH method[@ref4]. Other samples from sterile sites were subjected to decontamination only if a Gram stain or routine bacterial culture showed the presence of any organism, otherwise processed directly. Blood (5 ml) and bone marrow specimens were inoculated directly in to the culture bottle (Lowenstein-Jensen medium or BacT/ALERT MB bottle) under aseptic precautions (after disinfecting the top of BacT/ALERT MB bottle with an alcohol swab) as per the manufacturer\'s instructions[@ref5]. All samples were subjected to culture on L-J medium till 2004 and by BacT/ALERT 3D (bioMerieux, Durham, North Carolina, USA) and L-J medium from 2005 onwards as per the standard protocol[@ref4].

*Identification of mycobacteria*: Positive growth in either medium was identified as *M. tuberculosis* using AccuProbe molecular identification system (GenProbe, San Diego, California, USA)[@ref4]. For the identification of non-tuberculous mycobacteria (NTM), AccuProbe identification test (identifies *M. tuberculosis*, *M. avium*, *M. intracellulare*, *M. gordonae*, *M. avium* complex and *M. kansasii*), phenotypic traits (*e.g*. growth on Mac Conkey agar and pigmentation) along with routine biochemical tests like catalase test (68°C), niacin test and nitrate test (for rapid growers) were used till 2008[@ref4]. AccuProbe culture identification test was performed as described by the manufacturer. Briefly, one loopful of growth from L-J medium or 1.5-2 ml of positive broth from BacT/ALERT MP bottle, after centrifugation and pelleting, was sonicated in tubes containing glass beads and lysing reagents in a sonication bath for 15 min. It was subsequently heated at 95°C for 10 min. Then, 100 µl of the lysates was incubated for 15 min at 60°C in a water bath with the lyophilized DNA probe, and 300 µl of a selection reagent was added. The tube was mixed well, further incubated at 60°C for 5 min, and kept at room temperature for 5 min. The assay results were read on a luminometer (Leader 50; Gen-Probe). Results were expressed as relative light units (RLU). Samples producing signals greater than or equal to 30,000 RLU were considered positive.

From 2009 onwards GenoType Mycobacteria CM (Hain Lifescience GmbH, Nehren, Germany) was introduced. This assay permits the simultaneous molecular genetic identification of the *M. tuberculosis* complex and 14 of the most common NTM species (*M. avium* ssp., *M. chelonae*, *M. abscessus*, *M. fortuitum*, *M. gordonae*, *M. intracellulare*, *M. scrofulaceum*, *M. interjectum*, *M. kansasii*, *M. malmoense*, *M. peregrinum*, *M. marinum/M. ulcerans*, the *M. tuberculosis* complex and *M. xenopi*) from cultivated samples. The GenoType Mycobacteria CM assay was performed as recommended by the manufacturer[@ref6]. Briefly, the amplification mixture consisted of 35 µl primer nucleotide mix, 5 µl of PCR buffer with, 2 µl of 25 mM MgCl~2~, 1 U of HotStar Taq DNA polymerase from Qiagen, 3 µl of molecular biology grade water and 5 µl DNA supernatant in a final volume of 50 µl. Amplification was done in a thermal cycler (MyCycler, Bio-Rad Laboratories, USA) using the amplification profile: denaturation of 15 min at 95°C, followed by 10 cycles of 30 sec at 95°C and 2 min at 58°C, 20 cycles of 25 sec at 95°C, 40 sec at 53°C and 40 sec at 70°C and the extension step of 8 min at 70°C. Hybridization was performed using a pre-programmed TwinCubator (Hain Lifescience GmbH, Nehren, Germany). After denaturation, the biotin labelled amplicons were hybridized to the single stranded membrane-bound probes. After a stringent washing, as streptavidin-alkaline phosphate conjugate was added to the strips, an alkaline phosphatase mediated staining reaction was observed as bands where the amplicon and the probe hybridized.

The NTM isolates were reported in accordance to American Thoracic Society guidelines for respiratory isolates[@ref7] and after correlating with clinical, radiological and histopathological evidences and repeat isolation of the same organism wherever possible, in case of extrapulmonary samples, to limit the reporting of only pathogenic isolates.

*Drug susceptibility testing*: Drug susceptibility testing was done using the resistance ratio method[@ref8] on L-J media during 2000-2004. From 2005 onwards susceptibility testing was carried out by the BacT/ALERT 3D system using one per cent proportion method according to manufacturer\'s instructions[@ref9]. Briefly, the drug stock solution (0.5 ml) and 0.5 ml of the suspension containing *M. tuberculosis* were added to a BacT/ALERT MP bottle. For each specimen tested, one direct growth control which did not contain any drugs and one proportional growth control (10^-2^ of growth control) were included. Drug susceptibility testing sets were entered into the BacT/ALERT instrument and continuously monitored until a positive or negative result was obtained. The critical concentrations used were 0.1µg/ml for isoniazid and 1 µg/ml for rifampicin. An organism was determined to be susceptible when the antibiotic-containing bottle was not positive or had a positive time to detection greater than that of the 10^-2^ control. An organism was determined to be resistant when the antibiotic-containing bottle had a positive time to detection that was equal to or less than that of the 10^-2^ control. Standard strain H37Rv was used for the quality control.

Among the NTMs, only the rapidly growing mycobacteria (RGM) were subjected to susceptibility testing, from 2009-2012, using E-test (bioMerieux, France) on Mueller-Hinton agar plates[@ref10]. 0.5 McFarland standard suspension was further diluted to 1:1000 with saline and was used as the seed culture (1.5x10[@ref5] organism/ml), inoculated onto the agar plates, E-test strips placed on the surface and were incubated in 5 per cent CO~2~ at 37°C. The antimicrobials tested were amikacin, ciprofloxacin, clarithromycin, sulphamethoxazole, doxycycline and imipenem. The minimum inhibitory concentration (MIC, end point) was read after 72 h from the scale on the strip. All antibiotics read at complete inhibition of growth, except sulphamethoxazole which was read at 80 per cent inhibition. *Staphylococcus aureus* ATCC 29213 was used for quality control of the E-test strips.

*Statistical methods*: Time trend analysis of MDR-TB prevalence was done by fitting the time trend function Y=ae^bt11^. In this b is the percentage growth rate per year. The growth rate was tested for its significance using student t test. Categorical data were analysed using chi-square test.

Results {#sec1-2}
=======

A total of 14,849 samples were subjected to mycobacterial culture during 2000 to 2012. The year-wise distribution of samples and their culture positivity status is given in [Table I](#T1){ref-type="table"}. There was a gradual and steady increase in sample size from 512 in 2000 to 2309 in 2012. The culture positivity improved from 9.7 per cent during 2000-2004 to 16.4 per cent during 2005-2012 after the introduction of automated liquid culture system BacT/ALERT 3D. The introduction of hospital information system in Mycobacteriology in the hospital from 2009 gave an option of dissociating sensitivity from mycobacterial culture. Though this significantly increased the total number of samples for culture alone from 2009 onwards, susceptibility testing requests decrease presumably due to high cost.

###### 

Year-wise distribution of samples and mycobacteria isolates
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Of the total 14,849 samples, 6569 were pulmonary samples and 8280 were extrapulmonary samples. The average percentage positivity of mycobacterial culture was estimated to be 15.9 per cent (2364/14849). When analysed separately for pulmonary and extrapulmonary samples, the positivity rates were 18.9 and 13.6 per cent, respectively. The break-up of the samples received and their culture positivity status is given in [Table II](#T2){ref-type="table"}. Pus and needle aspirate samples which included mainly lymph node aspirates showed the highest positivity (23.7%).

###### 

Distribution of various samples and per cent positivity
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Of the total 2210 *M. tuberculosis* isolates, 1459 were subjected to susceptibility testing for isoniazid and rifampicin. Of these, 214 (14.7%) were MDR-TB, 92 isolates were isoniazid mono-resistant (6.3%) and five (0.34%) were rifampicin mono-resistant. The percentage of MDR-TB isolates during the course of the study period is depicted in the [Figure](#F1){ref-type="fig"}. The percentage of MDR-TB showed a gradual and significant increase from 4.7 per cent in 2000 to 19.8 per cent in 2012 (*P*\<0.001). However, the delineation of the drug resistance data in to pulmonary and extrapulmonary TB was available separately for four years only between 2009 to 2012 ([Table III](#T3){ref-type="table"}). MDR-TB was significantly higher (*P*\<0.001) in pulmonary TB (28.2%) compared to extrapulmonary TB (11.6%) cases.

![Percentage of MDR-TB isolates over a period of 13 years (n=1459).](IJMR-142-575-g003){#F1}

###### 

MDR-TB isolates among pulmonary and extrapulmonary samples (2009-2012)
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Of the total 2364 mycobacterial isolates, 154 (6.5%) were NTMs ([Table IV](#T4){ref-type="table"}). Rapid growers represented by *M. fortuitum* and *M. abscessus* were the most commonly isolated species. There was a gradual increase in the number of NTMs isolated from 0 in 2000 to 45 isolates in 2012. The drug susceptibility pattern of the rapidly growing mycobacteria during a period of four years (2009-2012) is shown in [Table V](#T5){ref-type="table"}. Clarithromycin and amikacin were found to be the best therapeutic options according to *in vitro* susceptibility testing.

###### 

Species distribution of non-tuberculous mycobacteria (NTM) isolates
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###### 

Drug susceptibility pattern of rapidly growing *Mycobacterium*
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Discussion {#sec1-3}
==========

In the present study, the maximum number of mycobacteria isolates were from pulmonary samples (52.5%), but the proportion of extrapulmonary TB (EPTB) was also quite high (47.6%). Before HIV pandemic, extrapulmonary TB was seen as 15-20 per cent of all TB cases, but with global rise of HIV infection over the last decade, increasing association of EPTB in HIV infected individuals has been reported[@ref12][@ref13]. In an earlier review EPTB was estimated to constitute about 15 to 20 per cent of all cases of tuberculosis in immuno-competent patients in India, while a higher proportion of cases was documented in tertiary care centers (30-53%)[@ref12]. The high percentage of extrapulmonary TB in our study may be contributed in part by the referral bias associated with a tertiary care centre. Another possible reason could be the lesser proportion of pulmonary samples subjected to culture and sensitivity and usually treated on the basis of a positive smear report alone.

Our data showed a higher isolation rate from pulmonary samples (18.9%) compared to extrapulmonary samples (13.6%). Among the extrapulmonary samples, the isolation rate from pus and tissue samples was higher compared to that of pulmonary samples. In case of body fluid samples, the positivity rate was low. The isolation of mycobacteria from body fluids remains a challenge owing to characteristically low bacterial count. The isolation rate from urine samples was 3.1 per cent in our study. Most of the studies reported an isolation rate varying from 1-5 per cent[@ref14][@ref15], which was similar to our study. Blood and bone marrow are useful particularly in HIV positive patients for mycobacterial isolation[@ref5][@ref16]. In our study only 2.2 per cent blood/bone marrow samples yielded a positive culture and all of them grew MTB. The lower isolation rate might be due to the fact that the study was done in general patient population and not among a selected immuno-compromised group. A 10 year retrospective study by Duong *et al*[@ref17] also reported a low sensitivity of only 3 per cent positivity out of 432 acid fast cultures of bone marrow in a tertiary care facility.

We observed a steady increase in MDR-TB (4.7 to 19.8%) during the 13 years except an unexplainable peak in 2010. The increase in multidrug resistance was 12 per cent. Studies from different parts of our country reported a wide variation in the prevalence of MDR-TB, 0.6 to 24 per cent among new cases of pulmonary TB and 16 to 47 per cent in case of already treated patients, during the past two decades[@ref18][@ref19][@ref20][@ref21]. In a review on drug resistance in tuberculosis, Dheda *et al*[@ref22] have observed that the prevalence of MDR-TB has increased globally in the past decade and is likely to continue to increase in many areas in resource-poor settings. A recent study from north India also confirmed an increase in MDR-TB during the past few years in our country[@ref23]. The WHO Global Report 2014, estimated primary MDR-TB as 2.2 per cent and among previously treated patients as 15 per cent in our country during 2013[@ref1]. The limitation of our study was that the differentiation between primary and acquired resistance could not be done since the treatment history of patients was documented inadequately. The reasons for the higher rate of MDR-TB in our study compared to the WHO surveillance data may be due to the selection bias involved in the patients attending the tertiary care facility. Also, this being a retrospective study, alteration in diagnostic methods during the time period keeping with pace of newer advances, might have influenced our results. Still, our study showing a progression of MDR-TB during a 13 years time period in a tertiary care center and the difference in drug resistance in pulmonary versus extrapulmonary TB, are important in the background of scarcity of such data in Indian literature.

The surveillance data by European Centre for Disease Control and Prevention, report MDR-TB in 1.3 per cent of the extrapulmonary TB cases in comparison to 6.6 per cent of the pulmonary TB cases[@ref24]. Our study confirmed the findings of two European studies that MDR-TB was less frequent among extrapulmonary TB cases than among pulmonary TB cases[@ref24][@ref25]. This may be due to the low number of previously treated extrapulmonary TB cases. Therefore, the risk of development of drug resistance also remains to be lower than for pulmonary TB cases as observed by other workers[@ref24][@ref26]. However, more studies with larger sample size need to be done to confirm.

An increase in the number of NTMs isolated in later years was seen in our study. This, being a retrospective study, the demographic details including HIV status of the patients were not completely available. To limit the reporting of only pathogenic isolates, NTM isolates were reported according to American Thoracic Society guidelines[@ref7] for respiratory isolates and after correlating with clinical, radiological and histopathological evidences and repeat isolation of the same organism wherever possible in case of extrapulmonary samples. NTMs are increasingly recognized to cause pulmonary and extrapulmonary infections[@ref27][@ref28]. In a study from Vellore, 3.9 per cent of all mycobacterial isolates were NTMs, with *M. chelonae* and *M. fortuitum* being the commonest[@ref29]. In the present study also rapid growers represented by *M. fortuitum* and *M. abscessus* remained the most commonly isolated species. Majority of these isolates were sensitive to clarithromycin and amikacin. A study from north India reported 100 per cent sensitivity to clarithromycin and ciprofloxacin[@ref30]. But in our study ciprofloxacin was found to have relatively good sensitivity for *M. fortuitum*, but not for *M. chelonae* and *M. abscessus*. A study from Vellore is also in agreement with our findings of good sensitivity to amikacin (99.2%) and poor sensitivity to ciprofloxacin (21%)[@ref29]. The sensitivity of other NTMs was not attempted due to difficulties in interpretation of results and also in view of the increasing cost burden on the patients.

Increase in multidrug resistance from 4.7 to 19.8 per cent in the past 13 years, as observed in our study, needs to be noticed. In the present scenario of increasing prevalence of MDR-TB and lack of availability of many second line drugs, screening with culture and drug susceptibility testing should be recommended for all smear positive pulmonary patients. The WHO policy guidelines[@ref31] for the use of new rapid molecular based techniques for early detection of MDR-TB may help the high-burden countries in identifying and treating patients of MDR-TB quickly[@ref32]. A study from India has reported that active household contact investigation is a powerful tool to detect and treat tuberculosis at an early stage to break the transmission cycle of the disease[@ref33]. The existing policies need to be modified to actively find, rapidly diagnose and aggressively treat existing cases appropriately to eliminate transmission of disease.
